Abstract-The TOTEM experiment is dedicated to the measurement of the total proton-proton cross-section with the luminosity-independent method and the study of elastic and diffractive scattering processes. Two tracking telescopes, Tl and T2, integrated in the CMS detector, cover the pseudo-rapidity region between 3.1 and 6.5 on both sides of the interaction point 
I. INTRODUCTION
T he TOTEM experiment, sharing with CMS the interaction point at IPS of CERN LHC, was designed to measure the total p-p cross section and to study elastic and inelastic p-p scattering processes[1], [2] . To perform these measurements, the TOTEM experiment constructed the T 1 and T2 detectors, integrated in the CMS experiment (Fig. I.) telescopes T1 and T2 are gaseous detectors providing reconstruction of charged particles, created in inelastic p-p interactions in the pseudo rapidity range 3.
-In(tan�). Thanks to the high acceptance and detection efficiency, more than 9S % of the inelastic interactions create a trigger signal and allow to determine the inelastic rates with small losses. At the same time, the tracking information is used for the reconstruction of the event interaction vertex and background event rejection. The RPs, equipped with radiation hard edgeless Si detectors [3] , enter during the measurements inside the LHC beam tube and approach the beam orbit to distances of less than 2 mm. The insertion of the RPs in the LHC beam tube can lead to high beam losses and requires a sequence of complex operations. The procedure, called "beam based alignment" [4] is performed for the RPs in close collaboration with the LHC machine operators and collimator experts. As the protons in the acceptance of the RP detectors have very small transverse momentum, their trajectory is determined by the LHC optics.
The special beam optics (W = 90 m) allows detectable vertical scattering angles of the elastically scattered protons down to � 30 f.Lrad. The read-out of all TOTEM subsystems is based on the custom-designed digital VF AT chip [S] with trigger capability. The data acquisition system is designed to be compatible with the CMS DAQ to make common data taking possible.
II. THE INELASTIC TELESCOPES Tl AND T2
Tl detector The Tl telescope consists of two arms, on either side of the IPS, fully integrated in the high eta cone of the CMS end cap at a distance between 7.S and 1O.S m from the interaction point. The Tl telescope detects charged particles in the pseudo rapidity range 3.l < IT] I < 4.7. Each arm is composed 978-1-4673-0120-6/11/$26.00 ©20 11 IEEE individual supports (Fig. 3 ., left). The readout strips of the two cathode planes in each CSC are oriented ± 60 " with respect to the anode wires. This geometry allows the measurement of three coordinates for each particle track and improves significantly the precision of the vertex reconstruction for background rejection and the resolving of multiple events. Furthermore, the anode wire signal can be used to generate a local T1 trigger. A very stable operation was performed with a gas mixture of Ar/C0 2 /CF 4 (40%/50%/10%) in special runs with a luminosity up to 10 28 cm· 2 s· 1 • The raw (uncorrected) dN/dll distribution measured with the large 13* = 90 m optics is shown in Fig. 3 ., (right). T2 Detector The T2 telescope, based on "Gas Electron Multiplier" (GEM) technology [6] , allows charged track reconstruction in the pseudo rapidity range 5.3 < 1111 < 6.5. Each T2 telescope located at � 13.5 m on either side from IP5 is composed of 20 semi-circular GEM planes -with overlapping regionsinterleaved on both sides of the beam vacuum chamber to form ten detector planes of full azimuthal coverage [1]. This novel triple GEM detector technology with the combined pad and strip readout was optimized to cope with the specific event topology and high radiation load close to the beam tube. In the triple GEM structure, a 3mm drift space is followed by two 2mm deep charge transfer regions (Transfer 1 and Transfer 2) and a 2mm charge induction space. Each GEM readout board contains 256 concentric circular strips for the radial coordinate (80 11m wide, pitch of 400 11m) allowing a track resolution of about 100 11m, and a matrix of 1560 pads (with varying size from 2x2 mm 2 to 7x7 mm 2 ) for azimuthal coordinate reconstruction and for the T2 local trigger (FigA., right). The T2 GEM detector is operated with gas mixture of Ar/C0 2 (70%/30%). 
Ill. THE ROMAN POT DETECTOR
The movable beam-pipe insertions called Roman Pots [1] are optimized to detect the leading protons scattered under very small angles. Each RP station is composed of two units (near, far) separated by a distance of 2-5 m and equipped with two vertical pots and one horizontal pot. On either side of the interaction point IP5, at 147 m and 220 m, a RP station is installed, resulting in a total of 24 single RP detectors. Each RP detector is equipped with a stack of 10 edgeless Si strip planes fixed in a frame with a high mechanical precision of better than 50 11m (Fig.5., left) . The 512 strips with a pitch of 66 11m of a single Si-plane are oriented at an angle +45° (u planes) or --45° (v-planes) in respect with the detector edge, facing the beam. Each stack is composed of 5 pairs of u-and v-planes mounted back to back and centered inside the Roman Pot (Fig. 5., right) , that separates the sensors and the associated frontend electronics from the LHC vacuum via a thin window of 150 11m thickness. The Si detectors with the frontend electronics are operated at -30°C by means of evaporative cooling. The pressure in the pot is kept between 10 mbar and 40 mbar absolute, to avoid condensation. To optimize the acceptance for protons scattered at the smallest angles, the TOTEM experiment has developed planar edgeless silicon detectors [3] , [7] with a Current Terminating Structure (CTS) to reduce the insensitive area at the edge facing the beam down to 50 /lm (Fig. 6., left) . The edgeless Si sensors are processed on very high resistivity n-type silicon wafers (> 1 OkQcm), with a thickness of 300 /lm. The silicon detector hybrid carries the sensor with the 512 strips wire-bonded to the input channels of 4 VF A T readout chips. Beam tests have shown, that the full detection efficiency is achieved at a distance of only 50 /lm from the cutting edge (Fig. 6., right) . 
IV. ROMAN POT ALIGNMENT
To approach the RP detectors during physics data taking safely to a defined position relative to the LHC beam, the beam based alignment is performed, a technique well established for the collimators [4] . The reference beam edge for the RPs is produced by closing the horizontal and the vertical primary collimators, until they scrape the beam halo at an aperture calculated for nominal optics functions and a given normalized emittance. The RPs then approach the beam edge in steps smaller than 10 /lm, until beam losses are measured in the downstream Beam Loss Monitor (BLM) [8] . In this position, the RP and the collimator have the same normalized distance from the beam orbit with an accuracy given by the movement step size. To refine the beam edge, slightly scraped by the RP, the primary collimator is moved further in, to become again the aperture limit of the beam. Based on the average of the two normalized primary collimator positions (before and after the RP scraping) the normalized RP position is computed. This procedure defines the position of the thin window separating the Si detector from the LHC vacuum to the beam (Fig. 5., right) . The positions of the Si sensor planes relative to each other are obtained by a software algorithm, relating particle tracks in the overlapping zone of different RPs. The global misalignment modes (e.g. common shifts or rotations of entire detector packages with respect to the beam) are inaccessible to the track-based techniques, but can be constrained by exploiting known symmetries of certain physics processes, like elastic scattering [9] .
V. MEASUREMENT OF DIFFERENTIAL CROSS SECTION FOR ELASTIC PROTON-PROTON SCATTERING WITH RPs
The elastic p-p differential cross section is measured via the scattering angle of the proton at the interaction point. As the angles of the elastically scattered protons at the interaction point are very small, the protons travel inside the beam tube from the interaction point down to the RP on a trajectory, defined by the optical functions of the LHC. The hit points (x, y) of the protons in the Si sensor plane (perpendicular to the beam axis), can be directly related to the proton scattering angle and the position at the interaction point via the optical functions [I] . With the beam optics of /3* = 90 m the sensitivity of the position measurement to the vertical scattering angle is maximized, while its dependence of the vertex position is minimized. To minimize the risks in approaching the RP detector to the beam and to reduce the probability of pile up events, the instantaneous luminosity was only about 8 x 10 26 cm-2 S-I, much lower than during standard LHC operations. The intersection points of all protons in the corresponding planes of the RP detectors at ± 220 m were recorded (Fig.7. ) and the scattering angles of reconstructed proton pairs fulfilling the co-linearity requirements were computed, down to a corresponding four-momentum transfer squared of It I = 2xl0-2 GeV2. The data were then extrapolated to t = 0 for the computation of the total cross section via the optical theorem using an exponential fit in the range of It I from 0.02 to 0.33 GeV2 [12] . The total proton-proton cross-section is related to the elastic cross-section via the optical theorem The parameter p = :Rl t eLC O ) 1 was set to O.14�g:g� (fetCO) is ::fI t eLC O ) 1 the forward nuclear elastic scattering amplitude) taking the prediction of COMPETE [lO] .The total p-p cross section was determined to be (2) U tol= (98.3 ± O.2(stat) �g Csyst)) mb
The errors are dominated by the extrapolation to t = 0 and the luminosity uncertainty [12] .
SUMMARY AND CONCLUSIONS
During the winter technical stop 2010/2011 of LHC the TOTEM experiment was completed with the installation of the T1 detector and the RP detectors at ± 147 m. All detectors were successfully operated at LHC with p-p collisions at the energy of ..jS = 7 TeV and performed according to the specifications. With a special LHC optics of B* = 90 m, the differential cross section for elastic proton-proton scattering at the LHC energy of ..jS = 7 TeV could be measured down to the four-momentum transfer squared of It I = 2xl0-2 GeV2 by using the Roman Pots at ± 220 m. Based on this measurement, the total p-p cross section at..jS = 7 TeV was computed with a an error < 3 %, using the luminosity measurement from CMS. The final computation of the luminosity independent total cross section is ongoing with the analysis of events related to the inelastic scattering processes, recorded in 2011. In future we plan for runs with a LHC optics of B* > 1000 m to improve the precision of the total cross section measurement.
